Abstract: A large share of the Common Agricultural Policy (CAP) budget takes the form of subsidies for supporting and stabilising the income of European Union farmers. This paper assesses whether CAP subsidies stabilise farm income and examines how subsidies may reduce the variability of farm income over time. The analysis is developed on a constant sample of Hungarian and Slovenian Farm Accountancy Data Network farms during the period 2007-2015. It incorporates both the whole sample and farms classified according to two criteria: economic size, and the relative importance of subsidies. Farm income variability is analysed by means of variance decomposition using three main income components: market revenue income, subsidies, and the cost of external factors. Variability in farm income over time is high due to the high variability in the market revenue component. Subsidies mitigate instability in farm income because their variability is lower than that of market revenue income. While CAP subsidies thus represent a stable source of farm income, they have played a limited countercyclical role in stabilising total farm income. Subsidies are not found to be targeted at the farms that face the highest level of income variability and thus may not be an efficient tool for stabilising farm income.
https://doi.org/10.17221/190/2018-AGRICECON Government transfers and subsidies in agriculture have a long history and have evolved significantly. The motivation for state intervention in agriculture and agricultural markets is various, but one of the major objectives has been to stabilise farm income (Meuwissen et al. 2008) . Factors that enhance farm income do not necessarily affect income stability. Volatility in farm income is caused by unstable natural and market conditions that are determined by specific features of agricultural production and markets linked to weather conditions, relatively slower growth in demand and faster growth in supply, declining real prices, the low mobility of production factors (land, capital and labour), and the low opportunity costs of labour. Unstable farm income has also been lower than incomes in the rest of the economy (OECD 2009) .
Increasing farm income stability is among the key objectives of the Common Agricultural Policy (CAP) of the European Union (EU), which uses a large share of its budget as subsidies for supporting and stabilising the income of its farmers. However, CAP is not implemented with a view to acting countercyclically. The greater flexibility of CAP to stabilise farm income within current policy instruments is also not compatible with other CAP instruments and financial rules. Subsidies as a form of direct payments (DPs) within Pillar I and the rural development policies within Pillar II for less favoured areas and agri-environmental measures, as well as for farm investment and restructuring, do not focus directly on mitigating the instabilities of farm income, but on supporting determined quantities of farm input resources such as land, livestock and other farm resources. The amount of subsidies is fixed per measure and does not change over time to compensate for possible changes in farm market income.
Do CAP subsidies stabilise farm income in Hungary and Slovenia?
https://doi.org/10.17221/190/2018-AGRICECON Structural changes in agriculture and economic development have been strongly correlated to farm size growth and farm and agriculture-related socioeconomic change, underlying the multifunctional nature of the latter and the increase in environmentally friendly farming and other practices in agriculture and rural areas as providers of public goods (OECD 2003) . The policy shift from price and market support toward a greater role for public subsidies that promote economic, social and environmental sustainability objectives raises questions about what the appropriate agricultural policy and solutions are regarding farm income (OECD 2017) .
The aim of the research described in this paper was to assess whether CAP subsidies stabilise farm income in Hungary and Slovenia, two of the new EU member states, and to examine how subsidies may reduce the variability of farm income over time. Hungary and Slovenia are known for having a relatively high share of subsidies in total farm income, meaning that subsidies are important for both the level of farm income and its stability, which can depend on the (economic) size of the farm and the relative share of subsidies in total farm income. While the variability of farm income over time is high due to the high variability in farm income from market revenue, subsidies can mitigate instability in farm income because they provide a stable source of farm income whose variability is lower than that of income derived from market revenue. Our results suggest that CAP subsidies in Hungary and Slovenia have played a limited countercyclical role in stabilising total farm income.
MATERIALS AND METHODS
This paper focuses on understanding the effect of agricultural subsidies on Hungarian and Slovenian farm income variability using an analysis of farm-level data from the Hungarian and Slovenian Farm Accountancy Data Network (FADN) for the period 2007 -2015 (European Commission 2019 . We employed balanced panel data that contained a total of 10 872 observations for Hungary and 1 249 observations for Slovenia. In contrast to earlier studies (Severini et al. 2016) , we focused on the impact of total agricultural subsidies instead of only DPs. DPs comprise a significant part of the total subsidies targeted at farm income enhancement and stabilisation. In addition, all other subsidies contribute to farm income enhancement, irrespective of their specific goals, while if they are regularly received they can contribute to farm income stabilisation. This is the rationale for using total subsidies, not only DPs.
The analysis incorporated both the whole sample and the farm subsample according to: (i) classes of economic size (4 quartiles); and, (ii) relative weight of subsidies in total farm income (4 quartiles) (Table 1) . Data regarding each of these groups is suitable for analysis given that a sufficient number of farms are represented within each group.
The focus is on farm income (FI), defined as:
FI = REV -EC + TS = MI + TS
where REV is revenues, EC the costs of external (i.e. nonfamily influenced) factors, TS is total subsidy, and MI is market income (i.e. FI -TS). REV is the FADN 
where producer subsidy equivalent (PSE), represents the relative importance of TS to whole farm receipts (REV + TS);
TS/FI
which is the share of farm income of TS. Variability of farm income was assessed by calculating variance and coefficient of variation (CV) over the nine-year period for each individual farm. Following the trends in recent literature, the importance of the three components of Equation 1 (i.e. revenues, costs of external factors and subsidies) on income variability was evaluated by employing variance decomposition by income sources, relying on multiplicative or additive identities (El Benni and Finger 2013; Severini et al. 2016 ). More precisely, we decomposed the observed variability of farm income into its components (Equation 4).
Dividing Equation 4
by the sum of the first three variance terms provides a normalized format for its interpretation (Equation 5). In Equation 5, p 1 , p 2 and p 3 are direct effects, and p 12 , p 13 and p 23 are the covariance effects. The three direct effects sum to unity, and an increase in the variance of any of these components increases the variability of FI. Negative (positive) covariance between two factors shows that they move in the opposite (same) direction over time (El Benni and Finger 2013) . This allows for a reduction (increase) in the variability of FI. The results of the income decomposition analysis were expected to provide insight into the income-stabilising role of TS.
We investigated the role of TS on farm income stabilisation through comparing the coefficient of variation of FI with and without TS (i.e. MI). Note that comparison of the coefficient of variation is not appropriate if the mean values of the variable have values that are close to zero or are negative. In the Hungarian (Slovenian) sample, we had 355 (47) cases with negative values for FI, and 1 726 (353) farms with negative values for MI. To eliminate the problem, we restricted our sample to those farms that had a non-negative mean value of FI and MI, resulting in a constant sub-sample of 9 146 (896) farms (i.e. 84.1 and 71.6% of the whole sample). We calculated Pearson's correlation between TS and MI on the nine years of data for each farm, presenting only average data for the whole sample and each group. We also conducted correlation analyses to assess whether TS is targeted to stabilise the income of farms faced with larger variability in income level. Thus, we computed Pearson's correlation between the relative importance of TS (PSE) and the level of CV of MI. Finally, we examined possible differences among farm groups using non-parametric Conover-Iman tests (Conover and Iman 1979) .
RESULTS AND DISCUSSION

Support provided by subsidies
Subsidies in Hungarian and Slovenian agriculture are an important source of farm receipts and farm (Table 1) . Considerable differences can be seen within the constant sample of Hungarian and Slovenian farms by class of economic farm size and by relative importance of PSE level. For Slovenian farms, PSE declines from the first economic size quartile to the fourth size quartile, and vice versa; the relative importance of PSE level increases from the first quartile to the fourth quartile. The latter finding is also confirmed for Hungary, as the relative importance of PSE level increases from the first quartile to the fourth quartile, but the former finding does not hold, particularly for the second and third economic size quartile.
There is a non-linear relationship between the percentage of subsidies in total farm income (TS/FI) by economic farm size class and by relative magnitude of PSE (at the group level). TS/FI by class of economic farm size is highest for the second quartile and lowest for the third quartile in Hungary, and highest for the third quartile and lowest for the first quartile in Slovenia. TS/FI according to relative importance of PSE level is highest for the fourth quartile in Hungary and in Slovenia and lowest for the second quartile in Hungary and the third quartile in Slovenia. This strongly non-linear distribution can be explained by the high volatility of farm income (ranging from negative to positive values) of individual farms in the nine years under analysis. The negative value of FI for economic farm size class Q 1 and PSE level Q 3 in Slovenia, and for PSE level Q 2 for Hungary is one reason for the negative TS/FI ratio.
Variability of farm income over time
While there is variability in farm income for the constant sample with non-negative observations of Hungarian and Slovenian farms over the nine-year period, such variability is lower than reported for a constant sample of Italian farms: on average, the median coefficient of variation of farm income (CV of FI) is 0.41 for Hungarian farms and 0.37 for Slovenian farms (Table 2) , while it was assessed at 0.64 for Italian farms (Severini et al. 2016) .
Variability of farm income is highest for the first quartile of the smallest Hungarian and Slovenian farms, and then declines for the second, the third and the fourth quartile of the largest Hungarian and Slovenian farms. An inverse relation between variability of farm income and farm size was also found by Vrolijk and Poppe (2008) and Severini et al. (2016) . Moreover, a Conover-Iman test rejects the validity of the null hypothesis on equality of CV (FI) median values for the Hungarian farms between economic farm size quartiles, as p-values indicate significant differences in Q 1 :Q 2 , Q 1 :Q 3 , Q 1 :Q 4 , Q 2 :Q 3 , Q 2 :Q 4 , and Q 3 :Q 4 . For Slovenia, the validity of the null hypothesis is rejected for the first quartile of the smallest farms (i.e. that their CV (FI) median value is the same as the CV (FI) median value for the other three quartiles), and that CV (FI) median value for the second farm size quartile is the same as the CV (FI) median value for the fourth farm size quartile. The alternative hypothesis is that the CV (FI) median values are not the same for the second farm size quartile and the third farm size quartile, while for the third farm size quartile we hypothesize that their CV (FI) median values are not the same as the CV (FI) median values for the fourth quartile of the largest farms. Differences between farm size groups for Hungarian and Slovenian economic size groups are statistically significant at the 5% confidence interval according to a Conover-Iman test.
On the other hand, the divergence between Hungary and Slovenia in terms of variability of farm income and PSE level groups is apparent. For Hungary, except for the fourth quartile of PSE level, variability of farm income slightly declines with an increase in PSE (at the PSE group level), and vice versa for Slovenia, where variability of farm income and PSE level groups move in the same direction: variability of farm income for Hungarian (Slovenian) farms is the highest (lowest) for the first quartile of PSE, and then decreases for Hungary but increases for the second, third and fourth quartile of PSE levels in Slovenia. Severini et al. (2016) for Italian farms report only very limited differences among farms with different PSE levels without a clear link between PSE level and variability of farm income. This finding is similar to that for Hungarian farms but not for Slovenian farms for which a positive correlation between PSE level and variability of farm income is revealed. A Conover-Iman test rejects the validity of the null hypothesis for equality of CV (FI) median values for Hungarian farms between the Q 1 :Q 2 , Q 1 :Q 3 , and Q 1 :Q 4 PSE level quartiles under analysis, but the null hypothesis cannot be rejected between Q 2 :Q 3 , Q 2 :Q 4 , and Q 3 :Q 4 . For Slovenian farms, a Conover-Iman test rejects the validity of the null hypothesis for the equality of CV (FI) median values between the first and second and third quartile PSE level. Similarly, we can reject the validity of the null hypothesis concerning the equality of CV (FI) median values between the second quartile PSE level with the third and fourth quartile PSE levels, while the null https://doi.org/10.17221/190/2018-AGRICECON hypothesis about the equality of the CV (FI) median value cannot be rejected. The alternative hypothesis is thus that the CV (FI) median values are not the same between the PSE level of the first quartile as the second quartile, and between the third quartile PSE level and the fourth quartile PSE level. A Conover-Iman test confirmed that differences between PSE levels groups for Hungarian and Slovenian farms are statistically significant (5% confidence interval).
Decomposition of sources of farm income variability
Following Severini et al. (2016) , variance decomposition was conducted to identify direct and indirect effects and the relative importance of three income components that contribute to farm income variability by economic farm size quartiles and by PSE level quartiles (Table 3) .
Most of the direct effects of the variance decomposition in Hungarian and Slovenian farm income are explained by farm revenues, and to a lesser extent by the costs of external factors. Subsidies contribute to the remainder of farm income variability. Variability in farm revenues can be explained by the variability of both the quantity of production/sales and farm product prices (Bojnec and Fertő 2018) . Variability of farm costs may be determined by the variability of the prices of inputs purchased by farmers. While increases in farm product prices can increase farm revenues and farm income, rises in input prices can increase farm costs and reduce farm income. Farm product prices and input prices may explain the direct impact on the variability of farm revenue and farm cost by economic farm size quartile. Farm revenues are the most important component of farm income variability for each of the economic farm size quartiles, particularly for the smallest, and even more for the largest farm size quartile. This direct effect of variance decomposition is reversed for farm costs. Subsidies are the least important direct source of farm income variability.
The distribution of direct sources of farm income variability differs according to PSE level quartiles. Direct effects of farm revenue decline and total subsidies increase with higher PSE. The direct effects of farm costs are more significant for Slovenian than Hungarian farms for each level of PSE.
Indirect effects are linked to the correlation between the three income components that were analysed that made a negligible contribution to total farm income variability in the whole sample, by economic farm size quartile, and by PSE level quartile. This finding is valid for the covariance effect between farm revenues and external farm costs, as well as between farm revenues and subsidies. The latter positive covariance effect suggests that subsidies have not played a countercyclical role, in comparison to the oscillations of farm revenues over time. The small indirect effect between subsidies and external costs suggests that an increase in subsidies is associated with a relatively high level of external farm costs.
The ratio of farm revenues to farm income is higher than the ratio of costs of external factors to farm income. It is interesting to note that the relative importance of income sources by economic farm size quartile is in all cases higher than the average of the total sample of Slovenian farms, while in Hungary this finding is valid only for the first and second quartiles of smaller economic farm sizes. Ex- cept for the fourth quartile of the largest Hungarian farms, the ratio of subsidies to farm income decreases from smaller to bigger economic farm size (at the level of quartile). As expected, the subsidy-to-farm income ratio increases from lower to higher PSE level at quartile level. This clearly indicates the very important role that subsidies play in farm income in Hungary and Slovenia.
Do subsidies stabilise farm income? Table 4 shows, for the restricted sample of observations with non-negative farm income values, that subsidies can stabilise farm income due to their lower variability than other components of farm income, particularly market income (MI).
The income-stabilising role of subsidies increases as one moves from the first to the higher quartiles of PSE level. This finding for Hungarian and Slovenian farms is in line with findings for Italian farms of Severini et al. (2016) . On the other hand, the incomestabilising role of subsidies in Slovenia, and to a lesser extent Hungary, decreases when moving from the first quartile of smallest farms to the higher quartiles (i.e. larger farms). There is an inverse relationship between the variability of market income and the variability of subsidies in Slovenia and a more stable relationship for Hungary. Except for Hungary, where the variability of subsidies is greatest for the first PSE level, the variability of subsidies in Slovenia increases only slightly when moving from the second to the third quartile of farm economic size, and when moving from the second to the higher quartiles of PSE level. Wilcoxon tests (p-values = 0.000) confirmed that the differences between the median values of CV (subsidy), CV (FI) and CV (MI) are always statistically significant at 1%. Consistent with the findings of Severini et al. (2016) , the greater the relative level of subsidy increases, the greater the increase in the stabilising role of subsidies. Farms that receive a El Benni et al. 2012) . While the variability of subsidies is smaller than the variability of farm market income, this does not a priori mean that subsidies have played a countercyclical role in moderating fluctuations in market income as a share of farm income over time. Therefore, the correlation between MI and subsidy was assessed to identify whether subsidies are targeted to stabilise the income of farms that face greater market income variability. Table 5 reveals that only for the smallest farms (first economic size quartile) in Slovenia is the evolution of subsidies over the nine years of analysis negatively correlated with the evolution of MI. This empirical result suggests that subsidies have played only a limited countercyclical role in terms of fluctuations in MI over the analysed nine years. Moreover, the empirical results suggest that subsidies are not well targeted: the correlation coefficients between the variability of MI and the relative level of PSE -except for the second and third economic farm size quartiles in Slovenia -are low. We therefore conclude that subsidies are not specifically targeted to stabilise the income of farms that witness large variations in income.
CONCLUSION
In spite of the fact that Hungarian and Slovenian farms have received a substantial share of their income through subsidy support, which has contributed to stabilising income, the farm income stabilisation role of subsidies has been limited due to the limited countervailing role of subsidies weighed against the very high instability and fluctuations in market farm income, and to a lesser extent costs incurred due to external factors. The failure of CAP subsidy policy to react in a countercyclical fashion, particularly to oscillations in market farm income, is confirmed.
Stability of employment and the use of different farm input resources in sum lead to greater stability of farm income from subsidies, but are independent of instabilities in market farm income which largely depend on farm sales and potentially greater instabilities in farm output prices and, thus, to greater exposure to potential oscillations in production, marketing and sales conditions. In addition, CAP subsidies do not account for input prices and input costs, which represent less important causes of farm income instability than market farm income, a finding which has also been confirmed for other countries (Severini et al. 2016) . The variability of farm income that is associated with the variability of market farm income remains an open question for farm managers and policy makers, while both private market risk management tools and/or CAP public policy instruments aim at reducing market farm revenue variability and, through this, at stabilising farm income.
Farm-input/resource-quantity-based CAP subsidies contribute to increasing farm income and might contribute to the renewal and growth of farm input resources, which may be important for farm restructuring, but are less likely to stabilise farm income. In reality, the primary objective of CAP subsidies is not to stabilise farm income. The specific focus of our analysis was on groups of farms delineated (Severini et al. 2016) , small farms in Hungary and Slovenia are found to face a higher level of income variability than larger (economic size) farms. Relatively large amounts of subsidies in farm income are more liable to stabilise farm income. Indirectly, CAP subsidies contribute to stabilising farm income mainly because they are less variable than the remaining sources of income and thus mitigate the variability of farm income over time. However, this is not enough to eradicate the variability in the farm income that arises from market farm income, as well as from the cost of external factors. Therefore, subsidies are found to play a very limited countercyclical role in terms of moderating the fluctuations of the remaining farm income. A striking finding, similar to those of earlier studies (Severini et al. 2016 (Severini et al. , 2017 , is that CAP subsidies are not targeted at those farms that face the highest level of income variability. The lack of a strong link between subsidies and farm income stability suggests that, while subsidies reduce instability in farm income, they are less likely to serve as an efficient tool for stabilising it. CAP subsidies are increasing the level of farm income, but are not stabilising farm income in Hungarian and Slovenian farms. They only reduce the volatility which arises from market farm income and, to a lesser extent, from the cost of external factors.
A limitation of the present analysis is that it assumes that a reduction in DPs does not affect production costs. This may be true for completely decoupled DPs, but may not be the case for coupled DPs and other forms of support such as rural development payments that affect farmers' behaviour. To obtain more information and in-depth results about CAP subsidies and their effects, more detailed analysis of the impact of different CAP subsidies on farm income variability according to the type of farm and different farming conditions (such as a comparison between farms in less and non-less favoured areas) is suggested.
